1. Introduction
===============

Tumor of the Appendix is a rare malignancy, with an age-adjusted incidence being 0.12 cases per 100,000 people in the population represented by the Surveillance, Epidemiology, and End Results (SEER) program from 1973 to 1998.^\[[@R1]\]^ Compared with other solid tumors, the prevalence of appendiceal cancer is very low, but its incidence and mortality have been on the rise.^\[[@R2],[@R3]\]^ Meanwhile, the burden it brings to the country cannot be ignored.^\[[@R4]\]^ Appendiceal tumors include many histologic subtypes, the most common of which is appendiceal mucinous adenocarcinoma (AMA) that originate from epithelial tissue.^\[[@R5]--[@R7]\]^ Most patients with AMA had no typical clinical manifestations. Hence, these rare tumors are rarely suspected before surgery, and most of them are found during or after surgery.^\[[@R8]\]^ AMA has unique biological characteristics and rarely has extraperitoneal metastasis. The only way to metastasis in most patients is intraperitoneal dissemination.^\[[@R9]\]^ Surgery is the primary treatment for AMA, with right hemicolectomy being the most common.^\[[@R10]\]^

Previous^\[[@R10]--[@R13]\]^ studies have identified a number of prognostic factors affecting patients with AMA, including stage, grade, degree of SEER disease, surgical procedure, number of regional nodes examined, and so on. However, these variables are only used as a single indicator to evaluate the prognosis, which has excellent limitations and affects the accurate, individualized survival prediction of AMA patients. In our study, we constructed a nomogram to predict the individual survival for patients with AMA thoroughly by integrating all the independent factors. As a statistical prognostic model, the nomogram can be used to predict the overall survival or death of a given individual,^\[[@R14]\]^ and it can improve the prediction accuracy of individual prognosis, which has been widely used in the forecast of cancer.^\[[@R15]\]^ However, there is no nomogram for predicting overall survival (OS) and disease-specific survival (DSS) of patients with AMA at present.

In this study, we collected data from SEER databases on patients diagnosed with AMA from 1973 to 2015. This database is a population-based cancer data set for the United States, collecting information on cancer patients in ^\[[@R18]\]^ registries across the United States, covering about 30% of the total US population. Our purpose is to develop validated prognostic nomogram, including demographic variables (age at diagnosis, sex, race, marital status), clinical pathologic information (tumor size, SEER extent of disease, TNM stage, carcinoembryonic antigen (CEA) levels, number of regional lymph nodes, and whether they were positive), and treatment information (surgery type, radiotherapy, chemotherapy) used to predict the survival situation in patients with OS and DSS.

2. Materials and methods
========================

2.1. Patient eligibility and variables
--------------------------------------

Our study did not seek approval from an ethics committee because the data provided in the SEER database does not contain patient personal information. All work is under the provisions of the Declaration of Helsinki. Based on our research purposes, we screened the data, and the specific screening process is shown in Fig. [1](#F1){ref-type="fig"}. According to the International Classification of Diseases for Oncology (ICD.O3),^\[[@R16]\]^ the pathological types codes of patients with AMA are 8470, 8471, 8472, 8480, and 8481. For some blank information in the data set, we chose to keep it due to its importance but decided to adopt the missing value processing method in the process of making the nomogram.

![A flow diagram of the selection process for the study.](medi-98-e17332-g001){#F1}

In our research, the necessary information about the patient with AMA including age at diagnosis, sex, race, marital status, TNM stage, SEER extent of disease, tumor size, CEA level, number of regional examined and whether they were positive, surgery type, chemotherapy, and radiotherapy was collected. Continuous data such as tumor size, age at diagnosis, number of regional examined were grouped by X-tile software (Yale University, New Haven, CT).^\[[@R17]\]^ The optimal age cutoffs were 53 and 74 years (Fig. [2](#F2){ref-type="fig"}A--C), so patients were divided into 3 age groups (0--53 years, 53--74 years, or \>74 years). Tumor size and number of regional nodes examined both were classified into 2 groups, and the optimum cut-off value was 31 mm and 8 mm, respectively (Fig. [2](#F2){ref-type="fig"}D--I).

![Identification of optimal cutoff values of age of diagnosis (A--C), tumor size (D--F), and number of regional examined (G--I) via X-tile analysis. Notes: Optimal cutoff values of age were identified as 53 and 74 years based on overall survival. Optimal cutoff values of tumor size were identified as 31 mm based on overall survival. Optimal cutoff values of number of regional examined were identified as 8 based on overall survival. Histogram and Kaplan--Meier analysis were developed based on these cutoff values.](medi-98-e17332-g002){#F2}

2.2. Statistical analysis
-------------------------

Using the randomized grouping function of SPSS 24.0 (Chicago, IL), AMA patients who met the inclusion and exclusion criteria were randomly assigned to a training group (n = 2155) or a validation group (n = 1097) to construct and verify the nomogram. The *χ*^2^ test was used to compare differences in clinical characteristics between the 2 groups. Continuous variables such as age at diagnosis, tumor size, and the number of regional nodes examined were analyzed by the software X-tile, which can help us calculate the cut-off values of them based on the overall survival information. Univariate and multivariate Cox proportional hazards (PH) regression analysis with SPSS 24.0 software was used to assess the prognostic factors. The variables were calculated by the hazard ratio (HR) and the corresponding 95% CI. We have 2 primary endpoints, including OS and DSS, also known as cancer-specific survival (CSS). The time interval from the time of diagnosis to death because of any cause or the time of the last follow-up was OS and DSS was defined as the interval between the time of diagnosis and the time of death due to the tumor itself. According to the univariate and multivariate Cox analysis results, we constructed the 1-, 3-, and 5-year OS and DSS nomogram with the rms Package in R software (version 3.5.3). In the meantime, the internal and external validations of the prognostic nomogram were performed. Harrell\'s concordance index (C-index) was used to evaluate the discrimination of nomogram. Calibration curves were constructed to compare consistency between predicted and observed survivals. In essence, C-index estimates the probability that the predicted results are consistent with the actual observed results, that is, the proportion of the predicted results that are consistent with the actual results in all patient pairs in the data. It is kind of like the area under the ROC curve.^\[[@R14]\]^ In practical applications, it is difficult to find an utterly consistent prediction model. The C-index ranges from 0.5 to 1.0, and previous studies^\[[@R18]\]^ have shown that a c-index of 0.50 to 0.70 is of low accuracy, and a c-index of 0.71 to 0.90 is of medium accuracy. Higher than 0.90 indicates high efficiency.

3. Results
==========

3.1. Patient baseline characteristics
-------------------------------------

The primary characteristics of the 2 study cohorts are shown in Table [1](#T1){ref-type="table"} . Patients diagnosed with AMA at 1973 to 2015 in the SEER database were contained in this study. A total of 3234 patients were included in this study, including 2155 patients in the training cohort and 1079 patients in the validation group. The training group and the validation group were used for internal and external validation, respectively, and the nomogram was constructed. Specific information included age at diagnosis, sex, race, marital status, histological grade, TNM stage, SEER extent of disease, number of regional lymph nodes examined and whether they were positive, surgical type, radiotherapy, and chemotherapy, etc. In this cohort study, 1037 people died in the training group, and 857 people died from tumors, while 505 patients died in the validation group, and 410 patients died from tumors.

###### 

Basic demographic and clinical characteristics of patients with appendiceal mucinous adenocarcinoma.
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###### 

Basic demographic and clinical characteristics of patients with appendiceal mucinous adenocarcinoma.
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3.2. Prognostic factors for OS and DSS
--------------------------------------

In the univariate analysis, except for race and radiation therapy, the remaining elements were associated with OS. All the items were associated with DSS in addition to sex and radiotherapy. These significant variables were further included in the multivariate analysis to control the confounding variables, and because TNM staging was consistent with tumor infiltration depth, lymph node, and distant metastasis, it was not included in multivariate analysis. Finally, as is shown in Tables [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}, in multivariate analysis, the age at diagnosis, marital status, sex, histological grade, SEER extent of disease, number of regional lymph nodes examined, and whether they were positive, the surgical approach were independent prognostic factors for OS. Age at diagnosis, histological grade, SEER extent of disease, number of regional lymph nodes examined, the surgery type, and chemotherapy were independent prognostic factors for DSS.

###### 

Univariate and multivariate analyses of overall survival in the training cohort.
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###### 

Univariate and multivariate analyses of cancer-specific survival in the training cohort.
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3.3. Construction and validation of the OS and DSS nomograms
------------------------------------------------------------

The significant independent factors including age, marital status, sex, histology grade, SEER extent of disease, number of regional nodes examined, and whether they were positive, surgery type were incorporated to create the prognostic nomograms for estimating the1-, 3-, and 5-year OS. Age at diagnosis, histology grade, SEER extent of disease, lymph node metastasis, number of regional nodes examined, chemotherapy, and surgery type were used to estimate the 1-, 3-, and 5-year DSS (Fig. [3](#F3){ref-type="fig"}). The nomogram gives every prognostic variable a score on the point scale (Table [4](#T4){ref-type="table"}). Adding these scores to the total score of the scale predicted 1-, 3-, and 5- years of OS and DSS in AMA patients to construct the predictive nomogram of internal verification. To predict the nomogram of internal and external verification. Internal validation of the training cohort showed that the index of the OS and DSS nomograms predicted 0.73 (95% CI 0.70--0.76) and 0.77 (95% CI 0.73--0.81), respectively. Similarly, the corresponding c-index in the external validation cohort was 0.76 (95% CI 0.70--0.81) and 0.75 (95% CI 0.71--0.80). These results confirm that our prognostic nomograms are reasonably accurate. The calibration chart (Fig. [4](#F4){ref-type="fig"}) shows that the actual survival rate is in good agreement with the nomogram prediction.

![Nomograms to predict 1-, 3-, and 5-year overall survival (A) and disease-specific survival (B) of AMA patients. Notes: Points of each variable were obtained via a vertical line between each variable and the point scale. The predicted survival rate was correlated with the total points by drawing a vertical line from the Total Points scale to the overall survival or disease-specific survival. AMA = appendiceal mucinous adenocarcinoma.](medi-98-e17332-g007){#F3}

###### 

Detailed scores of prognostic factors in the overall and cancer-specific survival nomograms.
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![External calibration plots of 1-year (A), 3-year (B), and 5-year (C) overall survival nomogram calibration curves; 1-year (D), 3-year (E), and 5-year (F) cancer-specific survival nomogram calibration curves. Notes: The dashed line represents an excellent match between actual survival outcome (Y-axis) and nomogram prediction (X-axis). Closer distances between the dashed line and points indicate higher prediction accuracy.](medi-98-e17332-g009){#F4}

In summary, we constructed and validated nomogram to estimate 1-, 3-, and 5-year OS and DSS in AMA patients. Based on the prognostic factors of individual AMA patients, we can obtain a score associated with each prognostic factor on the nomogram point scale and calculate the total score. Then, we can estimate the survival probability of 1-, 3-, and 5-years by projecting the complete count to the overall score of the nomogram.

4. Discussion
=============

The purpose of our research aims to investigate the factors that influence the prognosis of patients with AMA. Many factors can affect the prognosis of AMA. Hence, we have created nomograms to predict individualized patients. By analyzing patients diagnosed with AMA in the SEER database from 1973 to 2015, we randomly divided the study cohort into a training cohort and a validation cohort. First, the training cohort was analyzed by univariate analysis. The results showed that age at diagnosis, sex, marital status, TNM stage, histological grade, SEER extent of disease, CEA level, number of regional lymph nodes and whether they were positive, surgical methods, radiotherapy, and chemotherapy were all factors that are affecting OS or DSS. We further included these factors into a multivariate Cox analysis. The outcomes showed that age at diagnosis, sex, marital status, histological grade, SEER extent of disease, number of regional lymph nodes examined and whether they were positive, surgery type were the independent prognostic factors for OS. Age at diagnosis, number of lymph nodes metastases, histological grade, SEER extent of disease, chemotherapy, number of regional lymph nodes examined, and surgical procedures were independent prognostic factors for DSS. Finally, we validate the accuracy of this model using the data from the validation group and plot the calibration curve to determine the accuracy of the prediction. The consistency C-index of the OS was 0.73 (95% CI 0.70--0.76) and 0.76 (95% CI 0.70--0.81) in the training group and the validation group, respectively. The C-index of DSS was 0.77 (95% CI 0.73--0.81), 0.75 (95% CI 0.71--0.80), respectively. The C-index is greater than 0.7, indicating that the prognostic performance is acceptable.

In this study, age at diagnosis was an independent prognostic risk factor for both OS and DSS, and increased age was associated with a worse prognosis in patients with AMA. Sex and marital status were associated with OS, but not DSS. Shaib et al^\[[@R3]\]^ observed no significant change in sex (*P* = .69) in patients with appendiceal mucinous neoplasms. The relationship between marital status and AMA survival has not been discussed. Histological grade and SEER extent of disease are 2 critical factors affecting AMA patients, which are also related to OS and DSS. At present, many studies^\[[@R7],[@R11]\]^ have discussed the correlation between the 2 elements and AMA, which is consistent with our conclusions.

Our study suggests that poor or undifferentiated histology is associated with poorer prognosis. The regional disease had the best forecast in OS and DSS, and the distant disease had the worst outcomes. Overman et al^\[[@R11]\]^ investigated the impact of these 2 factors on DSS and the interactions between them, and the effect of histologic grade on the prognosis of mucinous adenocarcinoma was mainly limited to stage IV disease. Neither this study nor our data support the 3-stage classification scheme in the recent American Joint Committee on Cancer (AJCC) 7th edition.^\[[@R19]\]^

Concerning the number of regional lymph nodes examined and whether they were positive, the former affects the prognosis of OS and DSS, while the latter only affects the prognosis of OS. We used x-tile software to select the best cut-off point for the number of local lymph node examinations and found that the amount greater than 8 was associated with better prognosis. A positive local lymph node is associated with a worse prognosis. However, Gonza' lez-Moreno et al^\[[@R20]\]^ studied 501 patients with appendiceal malignancies and were surprised to find that lymph node status had no significant effect on patient survival. Although median survival was indeed shorter in patients with lymph node involvement than in other patients, this was not statistically significant. Fleischmann et al^\[[@R12]\]^ studied the date between 2004 and 2012 in the SEER database including 1046 patients with primary carcinoma of the appendix, and the results showed that with 12 or more of regional lymph nodes removed, a significant advantage concerning OS and DSS emerged.

TNM was analyzed by the AJCC 7th staging system. Although there are more missing data in the 7th edition, the classification of T, N, and M is more detailed, so the seventh edition is adopted for our analysis.^\[[@R21]\]^ In the TNM stage, the number of lymph node metastasis was closely related to DSS. The prognosis is worse if the number of lymph node metastases is greater than 3 than 1 to 3, and the prediction is best without lymph node metastasis. Nash et al^\[[@R22]\]^ proved that lymph node metastasis strongly predicted recurrence. The study of Ihemelandu et al showed that lymph node metastasis was an essential predictor of OS, which was consistent with our findings.

Considering the treatment of patients with AMA, right hemicolectomy with lymph node dissection, and an ileocolic anastomosis are relatively conventional at present.^\[[@R10],[@R23],[@R24]\]^ However, in 2004, Gonzalez-Moreno and Sugarbaker^\[[@R23]\]^ reported that in peritoneally disseminated mucinous appendiceal tumor, right colectomy with ileocolonic lymph node dissection did not have a survival advantage over appendectomy alone. Turaga et al^\[[@R10]\]^ proved that the correct hemicolectomy should be performed when the tumor cannot be removed, meaning that not all the benefits of right hemicolectomy are most significant. In our study, surgical methods are closely related to OS and DSS in patients with AMA. Our study demonstrated that patients without surgery have the worst prognosis, and patients receiving colectomy plus resection of the contiguous organ have the best prognosis. The prognosis of colectomy is better than an appendectomy in OS and DSS. Because the SEER database does not provide specific information about the surgery or its combination with other treatments, our results may differ from previous studies. At the same time, because we set the missing value in the process of making the nomogram, the result of multifactor COX may be slightly different from that of the nomogram. Previous studies^\[[@R13]\]^ have shown that the use of chemoradiotherapy does not bring benefits to the survival of patients with AMA. This is basically consistent with our findings. At the same time, our study also showed that in DSS, the use of chemotherapy increased the risk by 21.5%.

Based on the independent prognostic factors of OS and DSS, we constructed a nomogram to predict 1-, 3-, and 5-year survival. For instance, an 80-year-old never-married man was diagnosed with AMA, a localized disease with no lymph nodes and distant metastasis, a tumor size of 70 mm, and underwent appendectomy without chemoradiotherapy. He scored 12.1 on OS and 10.07 on DSS. Accordingly, he estimated that OS and DSS for 1, 3, and 5 years were 94.2%, 72.9%, 62.9% and 95.6%, 82.3%, and 76.0% respectively.

The study currently has the following limitations. First, there is only a normal or elevated classification of CEA serum levels, and no specific levels of CEA are recorded in the SEER database, which would lead to a bias in prognosis. Second, the treatment information is not comprehensive, and there is no record of the frequency and time of the operation. There is no specific plan and time record for radiotherapy and chemotherapy, and the treatment strategy of the patient will not be evaluated. Third, the TNM stage is the seventh edition of the AJCC staging. There are more missing data, resulting in less research on the actual inclusion of the nomogram. Fourth, the research data represents only the US population. Without external verification, it will be impossible to judge whether these data are universally applicable. More external data are expected to confirm this conclusion in the future. Despite these shortcomings, our nomogram can still be considered a useful prognostic model.

5. Conclusion
=============

Our results indicate that age at diagnosis, sex, marital status, histological grade, SEER extent of disease, number of regional lymph nodes examined, whether or not they were positive, surgical approach were independent prognostic factors for OS. Age at diagnosis, number of lymph nodes metastases, histological grade, SEER extent of disease, chemotherapy, number of regional lymph nodes examined, and surgical procedures were independent prognostic factors for DSS. Besides, we developed a nomogram to effectively visualize OS and DSS for 1-, 3-, and 5-years in patients with AMA.
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